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Heterochromatin and euchromatin

s
(a]
Closed chromatin Permissive chromatin Open chromatin
heterochromatin euchromatin
1. tightly packed, high nucleosome occupancy 1. loosely packed, low nucleosome occupancy
2. low nucleosome turnover 2. high nucleosome turnover
3. little or no transcriptional activity 3. can be bound by chromatin-binding factors
4. constitutive vs. facultative 4. can be transcriptionally active

Klemm et al., 2019
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Chromatin accessibility: fact sheet

@

® s the extent to which macromolecules inside the nucleus
can physically contact chromatinized DNA

E

® is non-uniform across the genome

e the accessible genome comprises
o ~2-3% of total DNA sequence
o ~90% of regions bound by TFs

.
.
S

Nucleosome turnover
1
A

Z:

e depends on the distribution of nucleosomes and other
chromatin-binding factors

TF concentration

® can alter transcription factor (TF) binding

® can change in response to external stimuli and
developmental cues

® ATP-dependent chromatin remodelling complexes can
move, eject or restructure nucleosomes @

Klemm et al., 2019

Epigenomics course @ UVIC - Beatrice Borsari



Experimental techniques to study chromatin accessibility

e DNase-seq (Crawford et al., 2006; Sabo et al., 2006)

e FAIRE-seq (Giresi et al., 2007)

® ATAC-seq (Buenrostro et al., 2013; Corces et al., 2017)

e MNase-seq (Mieczkowski et al., 2016; Mueller et al., 2017)
e NOMe-seq (Kelly et al., 2012)
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DNase-seq

a DNase-seq
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FAIRE-seq (Formaldehyde-Assisted Identification of Regulatory Elements)

¢ DNase-seq ", d FAIRE-zeq

Crosslink proteins and DNA

' i

Similar to ChiP-seq e Both DNase-seq and FAIRE-seq show

good correspondence with ChlIP-seq
data of different TFs

e Still, there are some differences:

| _m o  FOXA1, FOXA3 and GATA1 better

— _ identified by FAIRE—seq

ample fragmentation

?%"&szeflrjigg:;r;;tion AR * Sonication /! O ZNF263 and CTCF better
identified by DNase—seq

|

—o

Add biotinylated linkers
and extract

e DNase-seq-specific regions enriched at
promoter regions, high overlap with
H3K4me3, H3K9ac

The nucleosome-
depleted fraction of
DNA is preferentially
segregated to the
aqueous phase.

Mo -

e FAIRE—seqg-specific regions enriched in
introns, exons, intergenic regions; high
overlap with H3K4mel

DNA library creation and sequencing DNA library creation and sequencing FUrey, 201 2
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ATAC-seq (Assay for Transposase-Accessible Chromatin)

b ATAC-seq hyperactive transposase (Tn5):

T . N cleavage + binding of lllumina
[ ‘/
,_90 ,.@Q adapters
>l()i( e similar to double-cut
‘ A Y

DNase-seq protocol: amplifies
double-cleavage events

e very high correlation with
double-cut (r > 0.8) & single-cut

Sty (r>0.75) DNase-seq
— - ~— e |low amount of starting material
— (~ 500 cells)
| PcR and nuctei size setect e  2h<with 10,000-20,000 cells
P . e single-cell assays widely used:
—_———

how do they work?

}

Sequence short fragments
Klemm et al., 2019
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MNase-seq (Micrococcal Nuclease)

¢ MNase-seq

MNase:

1. endonuclease activity towards
inter-nucleosomal DNA

2. exonuclease activity towards cleaved
(free) DNA

nucleosome occupancy and positioning

l Digest free DNA
e the sequenced fragments correspond to

nucleosomal DNA

MNase concentration

Isolate DNA
Library construction

_k% 4%%%@_ Differently from the previous techniques, it maps

S —
E ————

‘ accessible DNA

Sequence nucleosomal size fragments

Klemm et al., 2019
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Interpreting chromatin accessibility profiles

peaks
‘/l Chromatin
remodelling is
dynamic and
unsynchronized

~ ']

+1 nucleosome
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[ Heterogeneous

+1 nucleosome

e W cell population
+1 nucleosome

| \ 4

%MM cell i
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Ensemble of molecular states
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Comparing different -seq techniques to access chromatin accessibility
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ATAC-seq can be
performed with lower
amount of starting
material

Has a FC signal
comparable to other
techniques

Buenrostro et al., 2013




ATAC-seq proves the periodicity of nucleosome positioning

e periodicity of ~200 bp

c? ~
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Buenrostro et al., 2013
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ATAC-seq proves the periodicity of nucleosome positioning

Nucleosome-free DNA (< 100 bp)
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ATAC-seq proves the periodicity of nucleosome positioning

mono-nucleosome DNA (180-247 bp)
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ATAC-seq proves the periodicity of nucleosome positioning

di-nucleosome DNA (315-473 bp)

M e periodicity of ~200 bp
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ATAC-seq proves the periodicity of nucleosome positioning

tri-nucleosome DNA (315-473 bp)

......... e periodicity of ~200 bp
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ATAC-seq proves the periodicity of nucleosome positioning

tri-nucleosome DNA (315-473 bp)

......... e periodicity of ~200 bp
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ATAC-seq proves the periodicity of nucleosome positioning

e depending on the read size you select, you can call
different types of peaks

o nucleosome-free (NF)
©  mono-nucleosome (MN)

t'l)

= DNA pitch

i 8 - (~10.5 bp) e ATAC-seq and DNase-seq are most frequently
e paired-end experiments

[

=z B Nucleosome o inside the pipeline, when running the peak
S calling step, MACS2 will recognize

Q© 4 - paired-end data if you specify the format
5 (- £) as BAMPE/BEDPE
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ENCODE pipeline for ATAC-seq and DNAse-seq (unreplicated experiment)

filtered peaks » file format conversion

»  bigBed
bedToBigBed
v
unreplicated IDR file format conversion
»  pseudoreplicated IDR thresholded peaks N »  bigBed
Irreproducible Discovery Rate (IDR) bedToBigBed
blacklisted regions » peak calling, filtering
MACS > peaks
v
partition concordance file format conversion
> »  stable peaks > »  bigBed
»  unfiltered alignments overlap_peaks.py bedToBigBed
read trimming, alignment, filteri
g, alig ing
Bowtie 2, Preseq »  fold change over control
»  alignments signal generation
BEDTools, MACS
»  signal p-value
N J

e

alignment step: Bowtie (for ENCODE
ChlIP-seq we had BWA,

for chip-nf we had GEM)
https://qithub.com/ENCODE-DCC/atac-seq-pipeline
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https://github.com/ENCODE-DCC/atac-seq-pipeline

ENCODE pipeline for ATAC-seq and DNAse-seq (unreplicated experiment)

filtered peaks » file format conversion
»  bigBed
bedToBigBed
v
unreplicated IDR file format conversion
»  pseudoreplicated IDR thresholded peaks N »  bigBed
Irreproducible Discovery Rate (IDR) bedToBigBed
blacklisted regions » peak calling, filtering
MACS »  peaks
v
partition concordance file format conversion
> »  stable peaks > »  bigBed
»  unfiltered alignments overlap_peaks.py bedToBigBed
read trimming, alignment, filteri
g, alig ing
Bowtie 2, Preseq »  fold change over control
»  alignments signal generation
BEDTools, MACS
»  signal p-value
N J

e

peak calling: MACS2 adapted to ATAC/DNase

® paired-end data
e nocontrol - A, and A, computed on the
ATAC sample https://github.com/ENCODE-DCC/atac-seq-pipeline
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https://github.com/ENCODE-DCC/atac-seq-pipeline

ENCODE pipeline for ATAC-seq and DNAse-seq (unreplicated experiment)

blacklisted regions: regions of the genome that
have anomalous, unstructured or high signal in
NGS data independently of the experiment

filtered peaks » file format conversion
»  bigBed
bedToBigBed
v
unreplicated IDR file format conversion
»  pseudoreplicated IDR thresholded peaks N »  bigBed
Irreproducible Discovery Rate (IDR) bedToBigBed
blacklisted regions » peak calling, filtering
MACS > peaks
v
partition concordance file format conversion
> »  stable peaks > »  bigBed
»  unfiltered alignments overlap_peaks.py bedToBigBed
read trimming, alignment, filtering
reads
Bowtie 2, Preseq »  fold change over control
»  alignments signal generation
BEDTools, MACS
»  signal p-value
N J
Y

peak calling: MACS2 adapted to ATAC/DNase

® paired-end data
e nocontrol - A, and A, computed on the
ATAC sample https://github.com/ENCODE-DCC/atac-seq-pipeline
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https://github.com/ENCODE-DCC/atac-seq-pipeline

ENCODE pipeline for ATAC-seq and DNAse-seq (unreplicated experiment)

filtered peaks » file format conversion

»  bigBed
bedToBigBed
v
unreplicated IDR file format conversion
> »  pseudoreplicated IDR thresholded peaks N »  bigBed
Irreproducible Discovery Rate (IDR) bedToBigBed
blacklisted regions » peak calling, filtering
MACS »  peaks
v
partition concordance file format conversion
> »  stable peaks > »  bigBed
»  unfiltered alignments overlap_peaks.py bedToBigBed
read trimming, alignment, filteri
g, alig ing
Bowtie 2, Preseq »  fold change over control
N J
»  alignments signal generation Y

BEDTools, MACS

replicability assessment:

»  signal p-value

e stable peaks
e pseudoreplicated IDR thresholded peaks

https://github.com/ENCODE-DCC/atac-seq-pipeline
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https://github.com/ENCODE-DCC/atac-seq-pipeline

ENCODE pipeline for ATAC-seq and DNAse-seq (replicated experiment)

read trimming, alignment, filtering
Bowtie 2, Preseq

file format conversion

» filtered peaks »  bigBed
bedToBigBed
unfiltered alignments
»  fold change over control
signal generation
»  alignments BEDTools, MACS
»  signal p-value
»  optimal IDR thresholded peaks
A
peak calling, filtering
blacklisted regions MACS . .
. IDR file format conversion
»  bigBed
Irreproducible Discovery Rate (IDR) bedToBigBed
v v
»  conservative IDR thresholded peaks
peaks
»
replicate concordance file format conversion
peaks »  replicated peaks » »  bigBed
overlap_peaks.py bedToBigBed
N\ J

.
replicability assessment:

e replicated peaks
® |DR peaks: conservative or optimal IDR peaks

https://github.com/ENCODE-DCC/atac-seq-pipeline
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https://github.com/ENCODE-DCC/atac-seq-pipeline

Hands-on session

® Hands-on session 4

e Contact: beatrice.borsari@crg.eu
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https://github.com/bborsari/epigenomics_uvic/wiki/4.-EN%E2%80%90TEx-ATAC%E2%80%90seq-data:-downstream-analyses
mailto:beatrice.borsari@crg.eu

Hands-on sessions and references

e References:

o Klemm et al. (2019), Nat Rev Genet
Crawford et al. (2006), Genome Res
Sabo et al. (2006), Nat Methods
Giresi et al. (2007), Genome Res
Buenrostro et al. (2013), Nat Methods
Corces et al. (2017), Nat Methods
Mieczkowski et al. (2016), Nat Commun
Mueller et al. (2017), Genes Dev
Kelly et al. (2012), Genome Res
Boyle et al. (2008), Cell
Hesselberth et al. (2009), Nat Methods
Furey 2012, Nat Rev Genet
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https://www.ncbi.nlm.nih.gov/pubmed/30675018
https://www.ncbi.nlm.nih.gov/pubmed/16344561
https://www.ncbi.nlm.nih.gov/pubmed/16791208
https://www.ncbi.nlm.nih.gov/pubmed/17179217
https://www.ncbi.nlm.nih.gov/pubmed/24097267
https://www.ncbi.nlm.nih.gov/pubmed/28846090
https://www.ncbi.nlm.nih.gov/pubmed/27151365
https://www.ncbi.nlm.nih.gov/pubmed/28356342
https://www.ncbi.nlm.nih.gov/pubmed/22960375
https://www.ncbi.nlm.nih.gov/pubmed/18243105
https://www.ncbi.nlm.nih.gov/pubmed/19305407
https://www.ncbi.nlm.nih.gov/pubmed/23090257

